Abstract. Many problems in communication and Radar signal processing involve the detection of low signal to noise ratio (SNR) signal in non-Gaussian noise environment. The stochastic resonance of the nonlinear bistable systems driven by binary phase shift keying signal under the alpha stable distributed noise was investigated. Firstly, the detection model of nonlinear bistable stochastic resonance system was constructed, driven by binary phase shift keying (BPSK) signal and alpha stable noise. Then, the effect of the Alpha stable noise intensity and system parameters on the output signal-to-noise ratio(SNR) and SNR gain were explored. The results show that separate adjustment of system parameters a and b or noise parameters m can produce stochastic resonance phenomenon and achieve enhancement of the input signal. Moreover, existence the optimal values of a ,b and m can be make the output of the system resonance is the strongest, which can effectively detect the weak input signal.
Introduction
With the rapid development of wireless communication technology, various kinds of communication signal modulations and signal systems continuously are constantly being applied, it will directly lead to the signal intensity of increasing in the limited space of the communication spectrum and cause spectrum congestion and overlap, coupled with the complex and changeable external noise interference, this makes the wireless communication receiver signal detection is facing severe challenges [1] .At present, the signal detection methods are mostly to suppress the noise for the purpose [2] [3] [4] ,When the noise is near or coincident with the frequency of the signal, this method is difficult to meet the actual requirements.The stochastic resonance(SR) method proposed by Benzi is not to directly eliminate noise, but to use the noise to enhance the ordered output of the signal [5, 6] .With the cooperative effect of nonlinear system, input signal and noise, the signal to noise ratio of the output of system will be increased, due to the conversion of the noise energy to the useful signal.This advantage makes the stochastic resonance has been widely used in the fields of biological, chemical, electronics, image processing and so on.
The current research of stochastic resonance is mainly aimed at the Gauss noise [7] [8] [9] , but in practical applications a lot of noise has significant pulse characteristics and smear characteristic, at this moment, it can not be used to describe Gaussian distribution. Therefore, this paper introduces alpha stable noise to describe these signals, alpha stable distribution can keep the natural noise generation mechanism and propagation conditions, and can be consistent with actual observation data, and has more extensive applicability [10, 13, 15] . In recent years, some scholars have studied the SR phenomenon under the background of stable distribution noise [11] [12] [13] [14] [15] .Lingzao Zeng studied aperiodic SR phenomenon under the Lévy noise [11] . Wenying Zhang et al uses SR theory to detect the signal in Lévy noise [12] .Guangli Zhang et al studied parameter-induced SR phenomenon under the alpha stable noise [13] .Shangbin Jiao et al studied the SR detection method of high frequency and low frequency weak signals under stable noise [14, 15] .But these studies are based on the periodic signal, However, there is no report on the study of the SR of the BPSK signal under the alpha stable noise. Therefore, this paper on the basis of previous studies, mainly explores nonlinear bistable SR of BPSK signal in the alpha stable noise environment.
Bistable Stochastic Resonance System Model under the Background of Alpha Stable Noise
Alpha Stable Distribution. Alpha stable distribution is also known as the Lévy partial alpha stable distribution. It is the only meet the distribution of Generalized Central Limit Theorem, and is the generalization of Gaussian distribution [13] . It is described by using the characteristic function [10, 11, 16] , which can be expressed as [5, 14] :
is the potential function of the bistable system, a and b are system parameters, ) (t s is the input signal; ( ) ( )
represents alpha stable noise, m is the noise intensity. When the input signal and the alpha stable noise are zero, the bistable system has two stable equilibrium states in
is the barrier height. When the input signal and noise are added to the nonlinear bistable system, a part of the noise energy is converted into the signal energy under the matching condition, so as to improve the output SNR, which can effectively extract the weak signal in the noise background. This paper is mainly based on the fourth-order Runge-Kutta method [13, 18] to solve the formula (2),and combined with the characteristics of the input signal and noise to obtain the standard four-order Runge-Kutta solution,as follows:
Where h is sampling step, a and b are system parameters, ) (i x is the i times sampling value of input signal; )
is the i times sampling value of alpha stable noise. Stochastic resonance measurement method. Since the alpha stable distribution does not have a finite second moment, the long jump of particle with the decrease of the alpha stability index can make the path change regional infinity. In order to make a theoretical analysis in this noise environment, it is necessary to try to suppress the influence of noise pulse.Therefore, this paper uses the symbolic function to limit the magnitude or artificially truncated of observations data [13, 14] ,therefore, the problem of particle jumping trajectory infinite is solved, i.e.,
.In this way, we can calculate the finite second moment of alpha stable distribution.
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In this paper, SNR and SNR gain are used as the main indicators to measure the output enhancement of nonlinear bistable system [13, 15, 19] , where the SNR gain is defined as the ratio of the output SNR and the input SNR [14, 19] .
Simulation and Analysis
Influence of System Structure Parameters on Bistable Stochastic Resonance Output.The alpha stable noise parameters are set to 2 .
. With the BPSK signal as input signal, the symbol rate is set to 10B, the carrier frequency is set to 50Hz. The system parameter is set to
to carry out simulation experiment,The SNR and G with the change of the parameter a of the curve are obtained, the simulation results are shown in Fig. 1 and Fig. 2 . Fig. 1 is the output SNR of system along with the change of the system parameter a. It can be seen that the output SNR curve with the increase of system parameter a is non-monotonic change process.This explains that the system output has a number of enhanced interval or enhancement points, that is to say, the nonlinear bistable SR system has non-single resonance interval or resonance point, Just these resonance interval or resonance point to improve the range of the system output is different. For example, the figure of the resonance interval (0,20) and (95,150) compared to (20,50) and (70,95) ,the SNR of the former is relatively large,And there are a plurality of resonance points in these intervals, but there is an optimal resonance point. And the position of the resonance interval or the resonance point is not changed with the change of the symmetric parameter β ,basically remain in the same position on the interval,and the occurrence of resonance point is relatively concentrated. The synergistic effect of the input signal and noise, and stable nonlinear bistable system can achieve a good match in this interval, so that the output of the useful signal can be significantly enhanced. Fig. 2 is the output SNR gain graph of system under different symmetry parameters along with the change of the system parameter a. In this paper, the SNR gain is to seek the average of the twenty experiments and drawn. From this graph, it can clearly reflect the output SNR also presents non-monotonic change process.This shows that the system has the resonance interval and the optimal resonance point when the whole system reaches stochastic resonance. Compared with the input that can reflect the current parameters of the system output to improve the situation.When the system parameter b is 0.1, the optimal values of a in the resonance interval are 2.4, 3, 6, 10.2, 15.8, 30.1, 124, 181.5. In terms of the resonance effect of the whole bistable system , the SR effect is the most prominent when the a is 2.4. The output increase is 2.75 times of the original,but this is only when the noise parameter is set to 63
, and the system parameter b is set to 0.1, the optimal value of SNR is improved by the bistable stochastic resonance system.Of course, the SNR gain will gradually increase through adjusting the system parameters and noise parameters.Here it is just reflects the effect of system parameter a on the output of the whole stochastic resonance system. In order to distinguish the effect between system parameter b and the output of the bistable stochastic resonance system,the system parameter A is 57.57, and the other parameters remain unchanged, We obtain the output SNR graph along with the change of system parameter b, as shown in Figure 3 . It can be seen from the figure 3, the system output SNR with the change of b remain stable at
.But the output SNR with increasing b also exhibit non-monotonic variation,this is similar to the rule of system parameter a to the system output.The bistable SR system also has non-single non-single resonance interval and resonance point.When ,the resonance interval is (0.8,0.86), (0.95,0.98) and (0.98,1.04), and the position of the resonance interval or the resonance point is not changed with the change of the symmetric parameter β ,basically remain in the same position on the interval,and the occurrence of resonance point is relatively concentrated. The synergistic effect of the input signal and noise, and stable nonlinear bistable system can achieve a good match in this interval, so that the output of useful signal can be significantly enhanced. Fig. 4 is the system SNR gain graph under different symmetry parameters along with the change of the system parameter b, the graph can clearly reflect that the optimal value of m within the interval of each resonance can be obtained when β is equal to -1 and the system parameters b is equal to 0.78, 0.81, 0.97, 1.02; the optimal value of m within the interval of each resonance can be obtained when β is equal to 0 and the system parameters b is equal to 0.57,0.67,0.77, 0.81, 0.97,1.01; the optimal value of m within the interval of each resonance can be obtained when β is equal to 0 and the system parameters b is equal to 0.68, 0.78, 0.81, 0.97, 1.02; And in terms of the resonance effect of the
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whole bistable system,the SR effect is best when the b is about 1.02. It also reflects that the position of the system output enhancement does not change with the change of the symmetry parameter β when the b reaches a certain range(i.e., In summary, by adjusting system parameters to achieve the stochastic resonance, the value of a and b is not the only, there are multiple resonance interval, a and b have optimal values in the resonance range. If the system parameters are selected properly, the SR phenomenon can be achieved,which can be detected the useful signal in the stable noise. Influence of Alpha Noise Intensity m on Bistable Stochastic Resonance Output. With the BPSK signal as input signal, the symbol rate equals 10B, the carrier frequency is set 50Hz, the alpha stable noise parameters are set to to carry on the simulation experiment. The SNR and SNR Gain simulation graph with the change of the alpha noise intensity m are obtained, As shown in Fig. 5 and Fig. 6. Fig. 5 is the system output SNR graph along with the change of the alpha noise intensity m . It can be seen that the output SNR presents non-monotonic variation, which indicates the existence of the optimal value of m for stochastic resonance. With the increase of the noise parameter m , the output SNR of system is firstly increased and then decreased ,It is showed that there exists a single resonance interval (0,45) in the nonlinear bistable stochastic resonance system,and the existence of the optimal value of m can significantly enhance the output of the system.And this resonance range is not changed with the change of the symmetry parameters m ,also it reflects the alpha stable noise plays a role in promoting the output of the whole nonlinear bistable system in this interval, it can also achieve SR phenomenon by separately adjusting the alpha stable noise intensity m , so as to achieve the purpose of improving the output of the system. Fig. 6 is the SNR gain graph under different symmetry parameters along with the change of the alpha stable noise intensity m .With increasing noise parameters, the output signal noise ratio gain of the system also presents non-monotonic change process, And the output signal noise gain of the system is firstly increased and then decreased, and there exists a maximum peak value.When the symmetry parameter β equals -1, noise intensity m is equal to 5.4, there is a peak value; when β is equal to 0, m is equal to 5.5, there is a peak value and also there exists a peak when β is equal to 1, m equals 5.6. This shows that for the corresponding system parameters and noise parameters, these three points can make the resonance effect of the whole bistable system is the most prominent，and it also shows that the optimal value of the noise intensity when the signal to noise ratio gain of the system output is the strongest is not changed with the change of the symmetric parameter β .Of course , the output of the whole stochastic resonance system will be further improved by further reasonable adjustment of the system parameters .
Conclusions
In this paper, the nonlinear bistable stochastic resonance phenomenon of binary phase shift keying signal in the alpha stable distributed noise environment has been studied, and the detection model of nonlinear stochastic resonance system driven by alpha stable noise and BPSK signal is constructed, and the effect of the Alpha stable noise intensity and system parameters on the output signal-to-noise ratio(SNR) and SNR gain have been explored. The following conclusions can be obtained through the above research: 1) By adjusting the system parameters, the use of the coordinating role of the input of BPSK signal, alpha noise stable and the bistable system can achieve the stochastic resonance, and the input BPSK signal has a significantly enhanced role; 2) Adjusting system parameters to realize stochastic resonance, the output of system has non-single stochastic resonance interval or resonance point, Just these resonance interval or resonance point to improve the range of the system output is different.The system parameters a and b have the best alue,when it reaches a certain value, it does not change with the change of symmetric arameter β ; 3) With the increase of the alpha noise parameter m , the output SNR and SNR gain of system is firstly increased and then decreased, it is showed that there exists the optimal value of m can make the resonance effect of the output in the case of different symmetry parameters. These conclusions have a certain reference value for parameter-induced stochastic resonance and alpha stable noise induced stochastic resonance.
